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TECHNICAL PROGRESS REPORT 
ON 
FOR 
ELECTROSTATICALLY -DRIVEN CAPACITOR PROJECT 
JET PROPULSION LABORATORY 
I. STATEMENT OF PROGRAM PURPOSE 
Development of an electrostatically-driven capacitor, together with 
i ts  drive circuitry for  electrometer applications in space instrumentation 
i n  accordance with J P L  specifications XSS-30028-DSN. 
11. REFERENCES 
Purchase Order AV3-21406 dated April 22, 1963 
Contract #950668 dated July 8, 1963 
FINAL REPORT 
111. SUMMARY 
a. Work done during this period 
1. Operation of the Ames transducer was experimentally verified 
and results showed that the same principle was feasible in a 
dynamic capacitor for  electrometer applications on spacecraft. 
2. Theoretical expressions for  the static values for capacitance, 
electrostatic force and conversion efficiency were obtained for 
use in preliminary design. 
3. A f i r s t  experimental unit was built to check out the electrostatic 
drive principle on membranes which indicate that the specs 
could probably be attained. 
April 30, 1964 
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4. Technology of adhesives, solders, special tooling methods of 
ultrasonic cleaning and machining were worked out i n  preparation 
for  the first pre-prototype. 
5. Means for  picking up the vibrations of the diaphragm by an electro- 
magnetic coil were developed and tested with satisfactory results. 
6. Various methods of attaching the diaphragm to the case were 
attempted, using screws and epoxies. Stretching tools were 
utilized in  the securing process. 
7. The f i rs t  two preprototypes were constructed and tested and 
found to give predictable resul ts  for resonant frequency based on 
Timoshenko's thin plate formula. 
8. More stable frequency and conversion efficiency were obtained by 
using thicker membranes, in the order  of 15 mils,  ra ther  than 
2 o r  3 mils. 
on Engineering Model 0. 
9. Techniques of measuring conversion efficiency, contact potential 
and insulation resistance were developed, and initial tests at 
room temperature indicated results close to spec.. 
An edge-supported diaphragm of this type was used 
10. A drive oscillator for the dynamic capacitor was designed, built 
on a breadboard, tested with the unit and found to work satie- 
facto rily. 
11. Golding of the metal  surfaces of the dynamic capacitor was 
attempted first on prototype No. 2, 
1 
12. A center supported design was worked out after it was  discovered 
that there was drift of resonant frequency and conversion effi- 
ciency with temperature with the edge-supported diaphragm. 
Initial tests on an experimental unit showed good results. 
13. Techniques of heliarc welding, use of feed-through insulators 
instead of a large sapphire disc, and methods of cleaning and 
2 
outgas sing were perfected. 
14. A redesign of the magnetic pickup w a s  necessary on prototype 
No. 5 ,  the first unit us ing  the new center supported design. 
15. Timoshenko's thick-plate formula was  verified in predicting 
resonant frequency of the new center supported units. 
thicknesses in  the order of 12 mi ls  were used. 
Stability with t ime and temperature of conversion efficiency 
and resonant frequency was obtained with the center supported 
diaphragm of the dynamic capacitor. 
Contact potential was brought within specs  as a resul t  of con- 
tinuing work on the golding process  and techniques of neutrali- 
zation cleaning and outgassing. 
Diaphragm 
16. 
17. 
. 
b. Significant Findings 
1. The ~ m e s  transducer served as a basis for  determing the 
feasibility of the dynamic capacitor, but it was  found impractical  
to use very thin membranes in this unit. 
r 
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7. 
8. 
The first edge-supported unit used a 15-mil diaphragm with 
1-mi1 spacing between plates and operated at a resonant 
frequency of about 5000 cps and was within specifications on 
conversion efficiency and driving voltage at room temperature. 
The oscillator circuit developed for the dynamic capacitor 
required a free-  running multivibrator to insure suitable 
self - starting characteristics. 
Timoshenko's thick plate formula serves  a s  a good guide in 
predicting resonant frequency of diaphragms in the range from 
10 mils  to J 5  mils  thickness. 
Golding of the diaphragm and pickup anvil reduces the contact 
potential but extreme care must be taken to keep the gold 
plating bath pure, and in cleaning the capacitor after assembly. 
Great care  must be exercised in selection of metals for the 
capacitor. NiSpanC was successful as the diaphragm metal 
and other metals had to be selected which corresponded with 
the thermal expansion coefficient of this material .  
With the clamped membrane, conversion efficiency increased 
a s  the temperature decreased, and the resonant frequency 
increased with increasing temperatures. 
led to  a change in design to the center supported membrane. 
With the center supported diaphragm, it w a s  found that excel- 
lent stability could be achieved with both conversion efficiency 
and resonant frequency over the specified temperature range. 
These instabilities 
uired. 
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29 SO. PASALKNA AV&. PASADENA. CALMORNIA * -  ':.;$$ 
-. ri 
C .  
L 
9. 
10. 
11. 
12. 
13, 
Heliarc welding proved to be a much superior seal  to epoxy. 
It a lso made the outgassing problem simpler. 
Best magnetic pickup design was obtained by mounting the 
coil near the outside of the diaphragxr and taking advantage of 
the variable air-gap reluctance. 
To prevent contamination and speed up the outgassing process,  
it is necessary to flush out the unit with a base solution to 
neutralize any acid contaminants which may be present from 
soldering o r  other operations. 
Flushing out the unit  with hydrogen helps to rid the gold plated 
surfaces of oxides which may have formed. 
The case  should be loosely mounted to the support structure 
and the leads should be kept light and short  to prevent coupled 
resonances and damping to the dynamic capacitor. 
Statement of major problems encountered and their solutions 
1. With the u s e  of thin diaphragms in the o rde r  of 2 o r  3 mils  
thickness, resonant frequency and U was dependent upon the 
pe ripheral tension which was very  difficult to control. 
Solution: Went to a thicker membrane and used a stretcher 
tool. 
2. The drive frequency had to be one-half the resonant frequency of 
the membrane, making it very difficult to use positive feedback 
on the oscillator. 
Solutions: (a) Use a half-wave rectifier in  the output; or, 
I 
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(b) place a ser ies  polarizing voltage in se r i e s  with the 
a-c drive. The la t ter  method was adopted. 
3. When the NiSpanC diaphragms were made 10 mils in thickness 
o r  greater ,  it was found that Timoshenko's thin plate formula 
no longer applied. 
Solution: Use his thick plate formula, which proved a 
satisfactory guide on both edge-mounted and center- 
supported diaphragms. 
4. Difficulties developed i n  the use of sapphire insulators due 
to surface contamination and leakage a t  feed-through points. 
Solution: Use feed-through insulators of special design 
and construction. 
5 .  A continuing problem of contamination existed throughout the 
program in varying degrees. Par t ic les  of metal o r  lapping 
compound would ge t  into the space between the diaphragm and 
one of the anvils. Epoxy and soft  soldering caused oxides to 
form and gases were diffused into the surfaces of the metals. 
Acids and oxides were present in the unit. 
Solution: Use clean room, exercise great care  in lapping 
and cleaning, flush out unit with basic solution and with 
hydrogen and argon. 
135 C for a period of a t  l eas t  two days, and preferably 
two weeks. 
Outgas the unit in a vacuum a t  
6 .  Instability of contact potential with temperature and time has 
been perhaps the most difficult problem in this project. 
Solution: Avoid contamination, flush unit with hydrogen and 
outgas for at least  48 hours with argon until stable opera- 
tion is achieved (see under Conclusions and Suggestions 
for Future Work). 
8 
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7. It becan e apparent that the specifications for stability of 
conversion efficiency and resonant frequency with time and 
temperature w e r e  not being met  with the best that could be 
done with the edge-supported diaphragn;. 
Solution: Support the diaphragm, at  the center and leave 
the edges free to vibrate. This does away with the 
constraints of variable tension along the periphery. 
8. In the edge-supported design, it was a simple matter  to 
place the picicup coil in  the n.iddle and pick up the reluctance 
chanzes i n  the n-agnetic path and qenerate a pickup signal 
for the input to a n  external oscillator. 
center supported design left no room a t  the center, and it 
was necessary to place the pickup near  the edge of the 
diaphragm. 
The shift to the 
A s  a result, l e s s  voltage is presently available. 
Considerable effort was put into minimizing leakage paths 
and obtaining the most effective coil possible. 
TECHNICAL REPORT 
a.. Technical Description of the Dynamic Capacitor 
The basic electrical circuit  for the dynari-,ic capacitor is 
shown in Fig. 1.  
in the form of a small voltage. An a-c drive voltage is 
applied between C and G the frequency of which must  be 
the resonant fre-quency of the membrane. The resultant 
mechanical motion shown in the figure as dashed l ines 
An input signal is applied between A and G, 
causes the input s igna l  voltage to be am'plitude modulated at 
9 
I 
the mechanical resonant frequency of the n.embrane. The 
output signal voltage i s  taken from point B and applied to 
the input of an a-c electrometer am8plifier. 
The basic n-echanical construction is .shown in the sketch 
of Fig. 2. The drive anvil, C, has a voltage in-pressed 
between i t  and the diaphragm, o r  ground G. 
composed of a d-c polarizing voltage and an a-c voltage. 
frequencJ- of the a-c voltage is chosen to correspond with 
the resonant frequencJ- of the membrane o r  diaphragm, G. 
Typical values of the diaphragm, thickness a r e  from 10 to 
This voltage is 
The 
15 mils, diaxxeter fron: 1 / 2 "  to 3 / 1 "  with resultant resonant 
frequencies from 4 to 5 Kc. 
The forces which set the diaphragm. into vibration are  
electrostatic i n  nature and with spacings between drive anvil, 
C, and diaphragm B, of fron 
than 100 volts will produce conversion efficiencies at the 
signal anvil of the dynan.ic capacitor of 10% o r  n ore. It 
will be noted i n  Fig. 2-B that the s i p a l  anvil, A, is shaped 
to obtain greater conversion efficiency than would be possible 
with a flat diaphragm. 
temperature coefficient, mass  and modulus of elasticity 
which a r e  requisites for this application. 
1 to 2 mils, voltages of less 
Materials such a s  NiSpanC have the 
The unique features of this dynamic capacitor are: The use 
Page 8 ._ 
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of a center-supported diaphragm as the resonating member,  
the electrostatic drive, and the mounting of the anvil and 
coupling capacitor. 
-4ppendix. 
signal anvils, the vibrating diaphragm, coupling capacitor 
and magnetic pickup coil. 
provide the signal for drive oscillator in a positive feedback 
Detailed drawings a r e  shown in the 
These show the corrlplete unit with drive and 
The pickup coil can be used to 
network. 
b. Assembly Procedure for the Dynamic Capacitor 
The detailed drawings a r e  shown in the Appendix oA this 
Report and a r e  of three types: 
1. Size C Assembly Drawings 
2. 
3. 
Size B Sub-assemblies o r  housings 
Detailed par ts  drawings which are referred to on the 
C drawings by number.  
A l is t  of the drawings and their  titles is shown in Table I. 
These are listed i n  the order  as they appear in  the Appendix, 
Drawing numbers a r e  given, together with titles and  some 
notes of explanation. 
The technical procedures required in the construction of a 
dynamic capacitor axe given i n  a s e r i e s  of sheets following 
the drawings in the Appendix. There a r e  our 38 specific 
operations listed. For  ehch operation, the par t s  used are 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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specified, the number per unit, n;aterial used, to016 re- 
quired, and storage devices needed. The remaining three 
columns provide a description of the processes  required i n  
sufficient detail for instruction. Methods of insuring good 
results f rom each operation a r e  given under the coluxr.ns 
headed "Quality Control. 'I 
c. Peripheral  data Zenerated as a result of this program 
The capacitance between a pair  of parallel plates with 
vacuum dielectric is: 
C = Capacitance be-ween plates in picofarads 
A = Effective a rea  of the interface in square inches 
d = Spacing between plates in  inches. 
If a voltage, V, is applied between the plates, the force 
applied to the diaphragm is 
where 
F 2 Force  in  OC. 
If on 
V = Voltage between plater 
considers the case for a c i rcu lar  diaphragm under 
uniform loading, which i e  equivalent to the application of the 
electrostatic force of equation (2), the deflection for  an edge- 
mounted diaphragm can be obtained. If the deflection of the mem- 
brane is small compared to spacing, d, it is possible to get an 
expression for the change in the spacing, A d ,  
Ad = Fave (M2 - 1) R2 in., 
503 E M L  T3 13 1 
in which 
Fave = Average value of the applied electrostatic force 
M = Reciprocal of Poisson's ratio 
R = Radius of the membrane in inches 
E 
r = Thickness of the membrane in inches 
= Modulus of the membrane material  in lbs/ in  2 
Where a diaphragm of 5 mils thickness o r  l e s s  is used and it is 
clamped around the edge, the equation for the resonant frequency is 
f r  = 15.06 /s cycleslsec 
R 
where 
S = Peripheral  tension in  lbs / in  
It was discovered that the control of tension was very difficult from 
unit to unit. Hence, it w a s  decided to go to a center supported 
diaphragm. Also, thicker membranes were used. The expression 
for the resonant frequency for this case is 
= 60,900 K r  cycles/sec 
f r 
2 
Re 
(5  1 
where 
K = mode constant 0.45 
Re = Effective radius of the diaphragm in  inches 
The effective radius is one-half the outside diameter of the dia- 
phragm minus the inside diameter which is the diameter of the 
support s truc ture. 
Non-linear effects exist with the edge-supported and with 
1 
1 
I 
I 
I 
I 
. 
the center supported diaphragm s. When the oscillator 
frequency is swept through the resonant frequency, the n.anner 
of breaking into oscillation i s  different going in from the 
upper end a s  compared with going into resonance from the 
lower end. When the magnitude of the drive voltage is in- 
creased, the conversion efficiency does not always follow a 
l inear relationship, as would be expected with a linear second- 
order  resonant system. 
There have been aging effects and changes of the resonant 
frequency and conversion efficiency with temperature which 
can be explained only in t e r m s  of sorrle non-linear character-  
is t ics  present in the vibrating diaphragm. 
1 
These variations might be explained with variations of either 
the Q of the resonator o r  a non-linear modulus of elasticity. 
The latter seen;s the n-.ore logical to explain the Variations 
between conversion efficiency and resonant frequency actually 
noted in  experiments. 
become stressed beyond the region of linearity and thus cause 
Certain par t s  of the membrane possibly 
changes in the effective value of the modulus of elasticity. 
These non-linearities a r e  of two kinds: long-term and short- 
term. 
the conversion efficiency stabilizes. 
cause distortion in  the output waveform, but does affect the 
conversion efficiency obtained with a given applied driving 
The former requires certain aging processes  before 
The second does not 
Page 12 r 
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voltage. Heat treatnient of the diaphragm has a n  effect 
on this non-linearity, thus requiring a consistent t reatn-ent  
when the proper one is chosen. 
In the center supported design, it is son ewhat of a problem 
to obtain a substantial pickup voltage. When the edge- 
supported design was used, the pickup was placed in  the 
center and reluctance changes gave pickup voltages of 50 
millivolts without difficulty. When the center supported 
design was selected, several  approaches were atterr pted. 
Difficulties were encountered with leakage flux and shorted 
turns. By minim.izing these and placing the pickup coil at 
the outside edge of the diaphragm, it was possible to obtain 
pickup voltages of fron: 10 to 20 millivolts. It is suggested 
that a s l ra l l  transforn;er be used to bring this value up to 
the required magnitude for  the oscillator input. 
The problem of second-harn;onic distortion in the output a-c 
amplitude modulated signal is a function of the polarizing 
voltage, drive voltage, and the geometry of the signal anvil. 
To minimize this distortion, the ratio and magnitudes of the 
polarizing voltage to a -c  drive voltage must  be carefully 
chosen and the signal anvil is lapped with an  optical lens with 
a radius of curvature of 20 inches to provide a slight curvature 
around the outside edge of the signal anvil. 
_ .  
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The mounting of the dynamic capacitor rr.ust be such that 
minimal coupled energy in  the operating band is taken from 
the unit. 
silient mounting to the structure. 
This requires very  small, short  leads and a re- 
The conventional approach of using monocrystalline sapphire 
was first used on the dynamic capacitor with feed-through 
pins to the signal and coupling anvils. However, difficulties 
with surface contamination and in securing vacuum-tight 
seals led to the use of Bendix THlO and THl7 high alumina 
ceramic feed-through terminals both on the signal and drive 
sides. 
af ter  the various heat and soldering processes  had taken 
place in the capacitor assembly. 
It was found later that these terminals developed leaks 
Therefore, a new method of providing for leak resistance as 
well as good insulation resistance was worked out together 
with Physical Sciences Corporation. 
developed a method of pouring molten dielectric directly 
around the terminals while they a r e  held in position by a 
special tool. In this way, a superior seal  is obtained and 
one that will handle more abuse than the feed-through in- 
This company has 
sulators. Leakage rates better than cc/sec are  
guaranteed using this process which is known as the Durock 
117 process. A bond is secured between the insulator and 
Page 14 
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pin whereas i n  the Bendix insulator bonding was only 
accomplished a t  the surface of the insulator. 
ceramic used (D117) has  a resistivity of 2 x 10l8 ohm CXY 
has very small strain currents,  and is preconditioned to 
The silico 
. 
stand thermal shock. 
d. Oscillator Circuit for Dynamic Capacitor 
The circuit described in this section was developed along with 
Engineering Model "0" to indicate an approach to the design 
of the oscillator drive for the dynamic capacitor. 
intended as a finished product, bu t  se rves  a s  an actual con- 
figuration which might be considered in the final design of the  
It is not 
drive. It was also intended to bring up any basic points which 
might be considered in  any oscillator design. .This section is 
written for the purpose of describing the operation of the 
circuit  and pointing out certain principles of design which it is 
hoped wil l  be helpful i n  the final design of the dynamic capa- 
citor drive oscillator. 
The principle upon which the drive oscillator functions can be 
shown with the a id  of Fig. 3. AS soon as the amplifier is 
energized, the saturating amplifier, which is essentially a 
free-running multivibrator running at a rate l e s s  than the 
resonant frequency of the diaphragm, will  begin operation. 
This' in turn drives the diaphragm, the vibrations of which 
are converted into voltage by  the pickup coil mounted in the 
1 
' *  I 
1 
u 
I 
I 
I 
drive anvil. 
in a positive feedback sense to sustain oscillation. 
The voltage is applied to the l inear amplifier 
The detailed circuit diagran- for the oscillator is shown 
on Dwg. No. B- 11523 in the Appendix. To provide the 
proper conditions for starting and maintaining oscillations, 
i t  is important that the gain and phase shift of the amplifier 
be correct  and relatively constant. To reduce the vari-  
ation in phase shift nith temperature, l a rger  w i r e  had to 
be used on the pickup coil. 
characterist ics of the oscillator. 
This ilxproved the starting 
Once the oscillator i s  running, it is necessary for the a-c 
drive voltage and the polarizing voltage to remain constant 
to within approxixr,ately - t 1070, the exact value depending 
upon the characteristics of the dynamic capacitor. This is 
accomplished prix 'ari ly by using a saturating amplifier at 
the output. Essentially a multivibrator, it locks into 
frequency by the feedback signal through the pickup coil. 
The output voltage delivered to the drive anvil and diaphragm 
is a function of the characterist ics of the transform-er and 
the switching characteristics of the 2N708's which supply 
the primary. Taps a r e  provided on the secondary of the 
transforlr,er for more flexibility in matching to dynamic 
capacitors of varying characteristics. 
Page 16 
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The sinusoidal voltage from the pickup coil appears at the 
input terminals of the oscillator. 
coupled to a con-mon base amplifier, thus providing a 
low-impedance input to give a good rcatch with the pickup 
coil of the dynamic capacitor, and, at the same time, 
provide a high output impedance for  the first stage. 
this manner, a substantial voltage gain is achieved with 
operation stabilized by m'eans of the 47 pf, 520 K parallel 
combination fron- the second stage collector to the first 
stage emitter. Thus,  for a positive increasing input 
voltage, the 2x251 1 transistor current  decreases,  making 
the base of the 2N2601 go more positive. 
a lso decreases  the collector current  through the second 
stage, making the feedback point more  negative. 
creasing negative voltage peak a t  the 2N2511 emitter tends 
to increase the collector current  which is opposite to the 
signal in the first place. 
achieved through the R - C combination, positive feedback 
is obtained through the 330 K resiator connected back to 
the base of the 2N2511. 
this point tends to decrease the collector current  through 
the stage whichis the same action initiated by the signal. 
Thus, the low frequencies a r e  boosted by the 330 K feed- 
back resis tor ,  stabilized by the 820 K negative feedback 
resis tor  while the high frequencies are attenuated by the 
The signal is a-c 
In 
This in turn 
An in- 
While negative feedback is 
Xn increasing negative voltage at 
Page 17 
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I: 47 pf capacitor. The R-C combination provides a break 
point toward 6 db per octave attenuation at about 26 KC. 
The signal is a-c  coupled to the third stage via the 
0.001 mfd condenser to the 2N910 connected a s  a phase 
splitter to supply the dr ivers  for the final stage flip-flop. 
The dr iver  is essentially a free-running multivibrator 
whose operating frrquency is just  below the 5 KC resonant 
frequent: of the diaphragm. The outside pair  of 2N70e's 
drives the inside pair which couples to the capacitor 
through a transformer a s  shown in Dwg. B-11523. The 
10 MH choke provides for efficient current  switching in 
this power stage. 
full-wave rectifier which provides the polarizing voltage 
in  se r ies  with the 5 KC a-c  drive voltage. 
of the dynamic capacitor is connected ac ross  the output 
with the pickup coil from the unit providing voltage for  the 
input to the oscillator. 
The secondary circuit  consists of a 
The drive side 
A t 15 volt source is  required and the power drawn is 
approximately 50 rr.illiwatts. It is believed, however, that 
this power level could be brought down considerably when 
the exact characterist ics of the capacitor are specified 
and thus the transformer can be especially designed for 
that purpose. 
- 
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e. Results of PTM Production 
After the Durock process was accepted a s  the assembly method 
on the structure of the dynamic capacitor, prototype units 8 and 
9 were constructed. This was followed by the las t  phase of the 
contract, the production of 3 proof-test-model (PTM) units. 
Here an attempt was made to produce.units of like character-  
is t ics  which might serve a s  flight hardware. 
The units were assembled and preliminary tes ts  made after 
which they were delivered to JPL. 
shown in Table IL 
units 10 - 12 constitute the PTM (proof-test-model) stage. 
The results of the tes ts  a r e  
Units 8 and 9 complete the prototype phase; 
re fers  to the res t  capacity between the diaphragm and drive 
The variation between units is seen to be from 22.5 pf 
=DR 
anvil. 
to 25 .6  pf, o r  about 1470. 
the pickup anvil and the diaphragm and has a spread of 53.4 pf. 
Cpu refers  to the res t  capacity between 
to 61.5 pf., o r  about 14%. 
built in to the unit has values ranging from 52.0  pf. to 54.6 pf., 
o r  about 5%. 
The coupling capacitor, which is 
Driving voltages have been selected to provide a conversion 
efficiency of 7% for each of the capacitors. 
comparison between the various units and should be useful in 
selecting a final value to use with a given capacitor. 
voltages a r e  applied in ser ies ,  the a-c  source having 8 frequency 
This gives a 
The 2 
the same as the resonant frequency of the diaphragm. The 
polarizing voltage is selected to minimize second-harmonic 
distortion. In general, it is recommended that an a -c  drive 
voltage of 80 and a d-c polarizing voltage of 150 volts be used. 
The resonant frequency is very stable, a s  can be seen with 
reference to Table I. The variation between units is only 33 cps, 
or  about 0.7%. 
a r e  the thickness of the membrane and the gold plating# the 
The critical quantities which affect frequency 
effective a rea  of vibration and the heat treatment applied to the 
diaphragm. 
It has been mentioned that contact potential is the most difficult 
problem with the dynamic capacitor. By taking extreme care 
in the electroplating of the par t s  and in the assembly and the 
outgassing, i t  is possible to keep this potential within reasonable 
limits. However, the actual cause of contact potential continues 
to be somewhat of a mystery and does not appear to follow the 
simple theories of work function which have been outlined in the 
literature. 
the data. 
gassing had been started. 
the readings would be different, hopefully smaller  and closer  
It will be noted that considerable scat ter  exists in  
These readings were taken about 48 hours after out- 
Therefore, it is quite possible that 
together af ter  two weeks of operation using temperature cycling. 
The last column of Table II shows the magnitude of the pickup 
voltage measured for each capacitor. The spread of output 
t 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I, 
I, ' 
I 4 
voltages depends upon the uniformity which can be obtained in 
the leakage values present in each coil. 
range from 12 to 26 millivolts rms. 
small  transformer be used to step up to a value sufficient for 
the oscillator circuit. 
The values obtained 
It is recommended that a 
Further  tes ts  were carried on a t  JPL with the 5 units. 
results indicated that conversion efficiency dropped to one-half 
i t s  room temperature value a t  90° C. 
frequency variation i n  the order  of 50 cycles per  second over 
the range. 
The 
Also, there was a 
This i s  a new phenomena and is believed to be 
caused by uneven expansion of the clamping screw which holds 
the diaphragm in place and its supporting structure which is 
made from a different steel. If this is the difficulty, there  
should be no difficulty in  correcting this fault, since it simply 
involves the use of the same material  for the screw and the 
support. 
CONCLUSIONS AND SUGGESTIONS FOR FUTURE EFFORT . 
1. It is very important to find out more  about the mechanisms which 
produce what is called contact potential and learn ways of con- 
trolling not only i t s  magnitudes, but the way it var ies  with time 
and temperature. 
m y  deviations from the specifications which a r e  found in proto- 2. 
types 8 and 9 and PTM's 10, 11, and 12, should be dealt with and 
2 3  
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corrected in  future units. 
Concentrate on improving the magnetic pickup coil o r  consider 
other transducers which might be used to  pick up the oscillations 
of the dynamic capacitor and provide a suitable input for the 
oscillator. 
Consider methods of mounting the dynamic capacitor for  the 
purpose of stabilizing conversion efficiency and providing vibration 
isolation from the s t ructure .  
3. 
4. 
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